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ABSTRACT

Objective: This study aimed to determine the efficacy of prophylactic use of vancomycin powder against surgical site infections in patients
with high-risk conditions who underwent posterior spinal instrumentation.

Methods: Data obtained from 209 patients who underwent posterior spinal instrumentation at a single institution from 2014 to 2017 were ret-
rospectively reviewed. Patients were then divided into two groups: control group, including 107 patients (61 females, 46 males; mean age=54
years; age range=16-85 years), and treatment group, including 102 patients (63 females, 39 males; mean age=53 years; age range=14-90 years).
All patients received the same standard prophylactic antibiotic regimen. In addition to the prophylactic antibiotic, vancomycin powder was
applied locally to the surgical site in the treatment group. All patients were followed up for at least 90 days postoperatively. Infections were
categorized as superficial and deep infections. Subgroup analysis of high-risk patients (Syrian refugees) was also performed.

Results: The infection rates were 1.96% (two patients) in the treatment group and 6.54% (seven patients) in the control group. A significant
decrease in the infection rates was observed with local vancomycin powder application. Advanced age (>46 years) and prolonged surgical
duration (>140 min) were found to be the main risk factors for surgical site infections (p=0.004 and p=0.028, respectively). The infection
rates were 3.22% and 8.11% in the treatment and control groups of refugees, respectively. There were three superficial and four deep in-
fections in the control group and one superficial and one deep infection in the treatment group. A dominance of staphylococcus infections
was observed in the control group, whereas no significant dominance was observed in the treatment group. Three patients in the control
group and one patient in the treatment group received implant removal.

Conclusion: Evidence from this study has revealed that local application of vancomycin powder reduces the rate of surgical site infections
after instrumented spinal surgery. The benefit of vancomycin application may be most appreciated in higher risk populations or in clinics
with high baseline rates of infection.

Level of Evidence: Level 111, Therapeutic Study

antibiotics, appropriate preparation of the skin, and
use of sterile technique are recommended.

Introduction

Spine surgery is associated with a wide range of com-
plications (1). Surgical site infections are the most
devastating complications because they are associated

In the past decade, a new trend has started that in-
volves local application of vancomycin powder to
the surgical bed. Although there are some contrast-
ing views, many studies have shown that prophylac-
tic application of vancomycin powder in addition to
standard systemic antibiotic prophylaxis leads to a
reduction of postoperative surgical site infections af-
ter spinal procedures (13-15) However, most of these
research studies were performed in developed coun-
tries with lower initial infection rates. In this study,
we aimed to determine early postoperative infection
rates and the advantages and disadvantages of topical
vancomycin application in posterior instrumentation
spinal surgeries performed in patients with high-risk
conditions.

with low postoperative recovery, low patient satisfac-
tion, and high patient morbidity and mortality. In the
literature, infection rates of spine surgeries range from
0.7% to 11.9% (2-5). Particularly, instrumented surger-
ies have higher infection rates than decompression sur-
geries (5, 6). There are several factors influencing this
high range of surgical site infections in spinal surger-
ies. Socioeconomic status of the patients is one of the
factors. The rates of surgical site infections have been
found to be much lower in developed countries than
those in developing and poor countries (5, 7, 8).

Risk factors associated with surgical site infections
include patient- and operation-related factors such as  Materials and Methods

advanced age, diabetes, smoking, obesity, prolonged

Patient selection

The research was conducted according to the prin-

ciples of the World Medical Association Declaration

surgical duration, increased blood loss, and revision
surgeries (9-12). To reduce these infections, practices
such as preoperative administration of prophylactic
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of Helsinki “Ethical Principles for Medical Research Involving Hu-
man Subjects” (amended in October 2013), and Institutional Review
Board approval was obtained. This study included 209 patients who
underwent posterior instrumentation surgery at a single institution
between November 2014 and January 2017. Only posterior approach-
es and instrumented patients were included in this study. Patients
with a history of infection or antibiotic use within the past 1 month
or patients who were suffering from infectious or immunodeficien-
cy diseases at the time of enrollment were excluded from the study.
All operations were performed by one surgeon (KO). After obtaining
a written consent from each patient, patient data, including patient
demographics (age, sex, body mass index, tobacco use, comorbidi-
ties, American Society of Anesthesiologist [ASA] classification) and
surgical parameters (clinical diagnosis, levels of surgery, blood loss,
surgical duration, cerebrospinal fluid leak), were retrospectively col-
lected. Systemic diseases, including hypertension, hyperlipidemia,
anemia, diabetes mellitus, coronary artery disease, respiratory dis-
ease, and chronic kidney disease, were defined as comorbidities of
the patients. Clinical diagnoses were classified as degenerative, tu-
mor, and trauma.

Vancomycin application

All patients received the same standard prophylactic antibiotic, in-
cluding 1 g cefazolin in the 1-hour period before surgery and anoth-
er 1 g cefazolin in the postoperative 24-hour period. In 10 patients
weighing >120 kg, 1.5 g cefazolin was administered in each dose. In
the treatment group, vancomycin powder was applied locally to the
surgical area in addition to the intravenous antibiotics (Figure 1). In
patients undergoing surgery on four spinal levels or less, 1 g vanco-
mycin powder was applied, whereas in those undergoing surgery on
five spinal levels or more, 2 g vancomycin powder was applied. Sur-
gical drains (B-vak tissue drainage set, Bicakcilar, istanbul, Turkey)
were used in all the patients enrolled in this study but were removed
on the second day after surgery.

Patients follow-up

All patients were followed for at least 90 days postoperatively. Infec-
tions were categorized as superficial and deep infections. Infections
were classified as superficial if they occurred within 30 days after
surgery and involved only the skin and subcutaneous tissue of the
incision with at least one of the following characteristics: purulent
discharge from incision, positive culture from aseptically collected
culture of fluid, clinical signs of tenderness, localized swelling, and
redness or warmth. Infections were said to be deep if they occurred
within 90 days after surgery, with characteristics of superficial in-
fection and involving the fascial and muscle layers. Superficial in-
fections were treated with wound care, local debridement, and in-
travenous or oral antibiotics on the basis of the culture results. Deep
infections were treated with intravenous antibiotics and deep surgi-
cal debridement with or without implant removal.

Statistical analysis

Statistical Package for the Social Sciences version 22.0 (IBM SPSS
Corp.; Armonk, NY, USA) and MedCalc 14 (MedCalc Software
Ltd., Ostend, Belgium) programs were used to analyze the vari-

HIGHLIGHTS

This study indicated vancomycin powder reduces the rates of surgical site
infections.

The benefit of vancomycin powder may be most appreciated in higher risk
populations.

Advanced age and prolonged surgical duration were defined as the main risk
factors.

ables. Data conformance to normal distribution was evaluated by
the Shapiro-Wilk test and the variance homogeneity by the Lev-
ene test. The independent sample t-test was used in conjunction
with the Bootstrap results, and the Mann-Whitney U test was used
with the Monte Carlo results to compare the treatment and control
groups quantitatively. The Pearson chi-square and Fisher’s exact
tests were used together with Monte Carlo and Exact results when
comparing the treatment and control groups in terms of the cat-
egorical variables. The logistic regression test was used with the
backward stepwise (Wald) method to determine the cause-and-ef-
fect relation between the explanatory variables and the treatment
group variable. The relationship between the classifications made
as per the cutoff values and the actual classification based on sen-
sitivity and specificity values were examined and described by
receiver operating curve analysis. The quantitative variables were
described as meantstandard deviation and the median range (max-
imum-minimum) and categorical variables as n (%). The variables
were examined at 95% confidence level, and p<0.05 was consid-
ered significant.

Results

A total of 209 patients were enrolled in this study with 102 (49%) in
the treatment group and 107 (51%) in the control group. Patients’ de-
mographic data, including age, gender, body mass index, comorbidi-
ties, ASA scores, and diagnoses, were compared between two groups
and shown in Table 1. There were no statistically significant demo-
graphic differences between the treatment and control groups (Table
1). The infection rates were 6.54% (seven patients) and 1.96% (two
patients) in the control and treatment groups, respectively. There was

Figure 1. Posterior thoracolumbar instrumentation and posterolateral fusion
operation for T12 vertebra fracture. The application of vancomycin powder was
demonstrated
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a statistically significant decrease in the infection rates with local
vancomycin powder application.

The overall rate of surgical site infections was 4.30% (9 of 209 patients).
Some risk factors for surgical site infections were identified. Advanced
age, high body mass index, high ASA score, prolonged surgical dura-
tion, and increased blood loss during the operation were found to be
significant predictors for surgical site infections (Table 2). Particularly,
advanced age (>46 years) and prolonged surgical duration (>140 min)
were found as the main risk factors for surgical site infections (Table
3; Figures 2 and 3). The patients’ socioeconomic conditions were also

Table 1. Demographic data of the patient groups

Treatment group  Control group

Characteristics n=102 (%) n=107 (%) p
Age (mean) 53 (14-90) 4 (16-85) 0.179
Gender
Female 63 (61.76) 61 (57.01) 0.424
Male 39 (38.24) 46 (42.99)
Nationality
Refugee 62 (60.78) 74 (69.16) 0.258
Nonrefugee 40 (39.22) 3(30.84)
Body mass index 27.13+6.74 28.58+7.24 0.372
Comorbidities
Hypertension 41 (40.19) 39 (36.44) 0.486
Hyperlipidemia 8(37.25) 34 (31.77) 0.169
Anemia (27445) 31 (28.97) 0.241
Diabetes mellitus [18462] 20 (18.69) 0.824
Coronary artery disease 4(13.72) 13 (12.14) 0.467
Respiratory disease 3 (2.94) 5(4.67) 0.542
Chronic kidney disease 1(0.98) 2(1.86) 0.174
Smoking 45 (44.12) 48 (44.86) 1
ASA status
Level T 53 (51.96) 59 (55.14)
Level II 34 (33.33) 31 (28.97)
Level 11T 15 (14.71) 17 (15.89)
Diagnosis
Degenerative 81(79.41) 77 (71.96) 0.462
Trauma 5 (4.90) 7 (6.54)
Tumor 16 (15.69) 23 (21.50)
Revision 17 (16.67) 13 (12.15) 0.431
ASA: American Society of Anesthesiologists
Table 2. Significant predictors for surgical site infections
Infection
Absent Existent
Mean+SD Mean+SD p value
Age 49.11+15.50 51.81+13.05 0.004
Body mass index 26.62+4.03 30.46+6.25 0.005
Median Median
(min/max) (min/max)
Level 3(2/9) 3(2/9) 0.131
ASA score 1(1/3) 2(1/3) <0.001
Operation time (minutes) 140 180 <0.001
(80/280) (100/260)
Blood loss (mL) 450 650 <0.001
(250/1500) (300/1400)

Independent t-test (Bootstrap): Mann-Whitney U test (Monte Carlo); SD: standard deviation; max: maximum;
min: minimum; ASA: American Society of Anesthesiologists

reviewed in this study. Of the total study population, 136 patients (65%)
were refugees. Six of the seven infected patients in the control group and
both infected patients in the treatment group were refugees with poor
living conditions. The poor condition of their accommodations was an-
other risk factor for surgical site infections. There was no statistically sig-
nificant difference in the rates of refugee patients between the treatment
and control groups (Table 1). The infection rates were 8.11% and 3.22%
in the control and treatment groups of refugees, respectively (Table 4).

There were eight patients who had positive culture results and one
patient in the control group where no microorganism was isolated.
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Figure 2. Advanced age ROC curve analysis
ROC: receiver operating curve
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Figure 3. Operation time ROC curve analysis
ROC: receiver operating curve

Table 3. Main risk factors for surgical site infections

95% CI for Odds ratio

B SE P Odds ratio Lower Upper
Age (>46 years) -0.854 0.299 0.004 2.35 4.22 1.31
Operation Time (>140 min) -0.668 0.305 0.028 1.95 3.54 1.07

Dependent variable: infection/predicted: Control group = 65.4; Treatment group = 72.5/General: 68.9; p model<0.001; Multiple logistic regression method = backward stepwise (Wald); B: regression coefficient; SE: standard

error; CL: confidence interval.
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Table 4. Distribution of the refugee and nonrefugee patient groups

Group Patient n (%) Infection n (%)
Control group
Refugee 74 (69.16) 6(8.11)
Nonrefugee 33 (30.84) 1(3.03)
Total 107 (100) 7 (6.54)
Treatment group
Refugee 62 (60.78) 2(3.22)
Nonrefugee 40 (39.22) 0(0)
Total 102 (100) 2 (1.96)
Table 5. Characteristics of surgical site infections
Group Patient Microorganism isolated Location
Control group
1 Staphylococcus aureus Superficial
2 Staphylococcus haemolyticus Deep
3* Acinetobacter baumanii Deep
4 Staphylococcus hominis Superficial
5% Pseudomonas aeruginosa Deep
6* Enterococcus faecalis + Deep
Staphylococcus aureus
7 - Superficial
Treatment
group
1 Pseudomonas aeruginosa Superficial
2% Escherichia coli + Acinetobacter Deep

baumanii

*Patients who underwent implant removal

There were three superficial and four deep infections in the control
group and one superficial and one deep infection in the treatment
group. Staphylococcus infections dominated in the control group,
whereas no statistically significant microorganismal dominance was
observed in the treatment group (Table 5). None of the patients had
infections of vancomycin-resistant microorganisms in the treatment
group. Three patients in the control group and one patient in the
treatment group had to undergo implant removal (Table 5).

Discussion

Because Sweet et al. (16) and Molinari et al. (14) first presented their
studies on local vancomycin powder application against spinal surgi-
cal site infections in 2011, an increasing number of studies have re-
searched this topic (8-22). Although there are some contrasting views,
the general opinion is that local vancomycin application is effective
against spinal surgical site infections. In 2014 and 2015, meta-analy-
ses were published on this subject. Chiang et al. (13), Khan et al. (8),
and Bakhsheshian et al. (17) have reported that vancomycin applica-
tion is protective against surgical site infections with an odds ratio of
0.16 (95% CI: 0.09-0.30), 0.34 (95% CI: 0.17-0.66), and 0.43 (95% CI:
0.22-0.82), respectively.

Surgical site infections are one of the most common and devastating
complications after spine surgery. The incidence of surgical site in-
fections ranges between 0.7% and 11.9% depending on the type of
surgery, indication of the surgery, and use of instrumentation. Specif-
ically, incidence rates were higher in the instrumented posterior ap-
proach surgeries (5, 6, 9, 11, 12). Therefore, this study was performed
in instrumented patients.

This study was performed in a government hospital in Sanliurfa,
which is a Turkish city near the border of Syria. In total, 65% of the
patients in this study were Syrians staying in refugee camps or other
places with similar living conditions. The higher rates of infection in
our study compared with those previously reported in the literature
may be due to intensive working conditions of the hospital, a large
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number of emergent surgeries, lack of patient hygiene, and low rate
of patient compliance to the treatment suggestions. Consistent with
this hypothesis, infection rates were much higher in the refugee sub-
set of our patient population (Table 4). In this study, the infection
rate in the control cohort was 6.54%. After local application of van-
comycin powder, the infection rate reduced to 1.96%. The infection
rates were 8.11% and 3.22% in the control and treatment groups of
refugees, respectively (Table 4). In the meta-analysis by Khan et al.
(8), it was suggested that vancomycin application may be of greatest
benefit to higher risk populations or in facilities with high baseline
rates of infection. The results from our study support this hypothesis.

Risk factors for surgical site infection include comorbidities (partic-
ularly diabetes mellitus), old age, smoking, morbid obesity, immuno-
deficiency, prolonged surgeries, large amount of blood loss, trauma,
paralysis, osteoporosis, and postoperative bowel and urinary impair-
ment (6, 15, 22). In this study, advanced age and prolonged surgical
duration are the major risk factors for surgical site infections (Table
3). Consistent with the literature, higher body mass index, high ASA
score, and large amount of blood loss during surgery were found to
be the other risk factors for surgical site infections (Table 2).

Surgical site infections are challenging complications for the pa-
tients. Besides the disease itself, the antibiotics used for the treatment
can also cause additional complications. Adverse drug effects such as
hypotension and renal toxicity or secondary infections owing to anti-
biotic-resistant microorganisms in the respiratory and genitourinary
tracts can be seen in these patients (23). Pharmacokinetic studies
have shown that penetration of systemic antibiotics into the spinal
region is often poor and may require administration of suprathera-
peutic doses, leading to more adverse drug effects (11, 24). Therefore,
local application of vancomycin powder is advantageous as it allows
for maximal levels of antibiotic concentration in the surgical wound
with minimal systemic complications (16).

Several studies have performed cost-benefit analysis of local van-
comycin powder application (4, 17, 19, 20, 25). A single local appli-
cation of vancomycin powder costs about $12-$44 and can signifi-
cantly reduce infection rates and costs of medical care. These studies
reported cost savings ranging from $220,000 to $500,000 per 100
patients receiving spine surgery. The majority of these costs are due
to re-operations for deep surgical site infections and prolonged usage
of antibiotics.

There are some concerns about the complications of vancomycin
powder application. In a review by Ghobrial et al., 14 retrospective
and 2 prospective studies were identified with a total of 9,721 pa-
tients (26). Of these, adverse events were identified in 23 patients. In
total, 1 patient had nephropathy, 2 patients had ototoxicity, 1 patient
had systemic collapse, and 19 patients had culture negative seroma
formation. The overall adverse event rate in patients treated with
vancomycin powder was 0.3% (26).

Another concern is the lack of fusion or pseudoarthrosis in the pa-
tients treated with vancomycin powder. In vitro studies have shown
that high doses of local antibiotic applications have a cytotoxic ef-
fect on osteoblasts, leading to reduction in bone healing and fusion
(11, 27, 28). Nevertheless, the study by Rathbone et al. reported that
vancomycin has less toxic effect on osteoblasts than other commonly
used antibiotics (28). In 2016, Mendoza et al. performed an in vivo
study to investigate the development of pseudoarthrosis after the lo-
cal application of vancomycin powder in fusion surgeries (29). Their
results indicated that vancomycin powder did not decrease fusion
rates at the doses that are routinely used by surgeons. Furthermore,
fusion rates were not decreased even after application of a vanco-
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mycin powder dose that was 10-fold higher than the usual clinically
used dose. Moreover, a change in pseudoarthrosis rate has not been
reported in other human clinical studies (15, 16, 21).

There is another feared risk that local application of vancomycin
powder may create microorganisms that are resistant to multiple an-
tibiotics (6, 30). In 2017, Chotai et al. performed a study to determine
the occurrence of vancomycin-resistant surgical site infections in pa-
tients with intrawound application of vancomycin powder (31). They
concluded that the local application of vancomycin powder during
spine surgeries was beneficial in preventing surgical site infections,
and the usage of intrawound vancomycin powder did not seem to
create vancomycin-resistant organisms. However, they found a pre-
dominance of gram-negative microorganisms and culture negative
fluid collection in the vancomycin group. Ghobrial et al. also report-
ed an increase in cultured gram-negative or polymicrobial spine in-
fections when using vancomycin powder for prophylaxis (19).

There are certain limitations of this study. The main limitations are
the retrospective nature of the study and the relatively small sample
size (209 patients). There is also a lack of pediatric patients in this
study group. Nonetheless, this study also has several strengths. For
instance, all surgeries were performed by the same surgeon in the
same time period. Demographic data of the treatment and control
groups are similar, and there is no statistically significant difference
between the patient groups.

In conclusion, this study demonstrates that application of local van-
comycin powder reduces the rates of surgical site infections in pa-
tients undergoing instrumented spinal surgery. The rate of infection
was 6.54% in the control group, and it was reduced to 1.96% in the
treatment group. Furthermore, no adverse effects were observed re-
lated to vancomycin usage. Local application of vancomycin powder
has advantages, including ease of usage, relatively low cost, effective-
ness against causative microorganisms (particularly staphylococcus
infections), and high local antibiotic concentration with minimal
systemic circulation. The benefit of vancomycin powder application
may be most appreciated in higher risk populations or in clinics with
high baseline rates of infection, similar to this study.
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